Compositions of (CaSrBa) orthosilicate phosphors were prepared by Liquid Phase Precursor method. The structural phase determinations were done systematically by powder X ray diffraction and Transmission electron microscopy. The PL emission was observed under 450 and 375 nm excitation and greenred and pure green emission was observed for the 4f 6 5d ¼ 4f 7 transition of Eu 2+ ion. The luminescence nature of the samples is determined to vary with crystal field effect on the Eu 2+ ion and has been studied with the change in the binary CaSr, BaSr and ternary CaSrBa compositions.
Introduction
With the advent of technology the LED's now bestride the rainbow, glowing with brightness and longetivity in almost all colors. Lightening field is a fairly conservative one with a substantial pressure to evolve white LED's with potential advantages over the incandescent and fluorescent lightening. 1) , 2) The challenge is to generate white light from LEDs for which the potential solutions are (i) coat a blue LED chip with a yellow phosphor, 3 ), 4) (ii) an ultraviolet LED chip with blue, green and red phosphors, 5) (iii) combination of a blue or UV LED chip with a phosphorescent material that emits warm white light. 6) These white light sources have improved reliable properties because of their high efficiency, longer lifetimes, low operating temperatures and low costs. Their primary applications include traffic lights, laptops, automobiles indicator lights, cell phones and back lightening in displays. 7)9) Light sources for such applications include a class of orthosilicate phosphors as matured candidates. A broad range of green, yellow and orange BOSE phosphors [Eu activated silicate phosphors such as (BaSr) 2 SiO 4 :Eu] is available that have key benefits such as no brightness decay after 1000 h and reliability at conditions of 69°C and 90% relative humidity i.e. good optical stability in moisture contact. On generating white light with a mix of red, blue and green LEDs, at odds is the color rendering property. It is desirable to achieve LED's having spectrum overlapping with the phosphors for white light generation and achieve high luminescence with control over color rendering.
10),11) Eu is the main activator ion used in orthosilicates to obtain maximum quantum yield. 12) We have prepared conventional alkaline earth orthosilicates (CaSr)SiO 4 by a facile Liquid Phase precursor method for LED application. The method now introduced into preparation of orthosilicate phosphors helps achieve the phosphors at normal pressures, low firing temperatures and low synthesis costs. 13 ), 14) It relies on the homogeneous hydrate solutions of the metal ions and a cellulose template with micro-fibre structure. The simple liquid phase process is environment friendly and prepares high quality orthosilicates phosphors at low temperatures compared to routine solid state reaction methods. 15 ion as an activator in host lattice.
In this paper we aimed to integrate different luminescence properties of prepared binary and ternary compositions of Bose orthosilicate phosphors. Despite the fact that these orthosilicate phosphors have been studied by solid state reactions in great detail, no thorough interpretation has been presented before on the Liquid Phase Precursor synthesis.
Experimental
Liquid phase precursor approach was adapted to prepare all the members of orthosilicate phosphors. The phosphors were prepared using BaCl 2 ·9H 2 O (Kanto Chemical Co., Japan), Ca(NO 3 ) 2 ·4H 2 O (Junsei Chemical Co., Ltd., Japan), EuCl 3 ·nH 2 O (Sigma Aldrich, Japan) Sr(NO 3 ) 2 ·9H 2 O (Junsei Chemical Co., Ltd., Japan) taken in stoichiometric amounts. The raw materials were all dissolved in deionized water to prepare their hydrate solutions and stirred thoroughly to create better homogeneity. The homogeneous hydrate solutions were then impregnated onto the cellulose pulp (C 6 H 10 O 5 ) n (lint-free cellulose paper, 49¯m thick, 100% cellulose, Nihun pulp, Japan) at a weight ratio of 1:1. The impregnated cellulose pulp was rapid fired at 500°C for 3 h and finally fired at 1100°C for 12 h in a reducing atmosphere (5H 2 /95N 2 ).
The phase purity of the products was determined by examining the Powder X Ray Diffraction patterns on Rigaku X Ray Diffractometer using Cu K¡ radiation ( = 1.5418 ¡) over the 2ª range of 1080°. The Transmission electron micrograph of the sample was collected on Jeol JEM 3010 transmission electron microscope. The fluorescence spectra were recorded at room temperature using a PLE/PL Drasa Pro 5300, Korea spectrofluorimeter with a Xenon Lamp light source.
Results and discussion
To study the effect of compositions of alkaline earth metal orthosilicates on the emission properties, the preparations listed in Table 1 were tried. As indicated in the Powder X Ray Diffraction Patterns the orthosilicates formed as the major phase with only a minor impurity of BaCl 2 .
Binary CaSr composition®To confirm the formation of the orthosilicate phases the powder patterns for the preparations 13 were matched with the JCPDS card 770399 corresponding to Ca 1.65 Fig. 1 . The room temperature excitation and emission spectra of the powder samples are shown in Fig. 2 . In the excitation spectra broad band absorption peaking at 315 nm and with a shoulder at 370 nm was observed for samples 1 and 3. A dissimilar behavior was observed for sample 2 for which the absorption maximum was detected at 468 nm. The emission spectra showed results as per the excitation spectra with the emission maximum at 562 nm while for sample 2 a broad emission from 560650 nm was observed. The emission intensity for sample 3 was observed to be highest. The most pronounced effect was the decrease in Sr content with which the emission intensity was found to decrease. The absorption band observed is due to the 4f 7 ( 8 S 7/2 )4f 6 5d transition of the Eu 2+ ions. 18) The absorption bands extend into a wide wavelength region due to the effect of crystal field on the 5d orbitals of Eu 2+ ion. In the emission spectra the distinct difference in the emission band and intensity is observed depending on the excitation wavelength due to the transition of Eu 2+ ion and presence in lattice site identified as Sr 2+ site of nine coordination. 19) Binary BaSr composition®The Powder X Ray Diffraction Patterns of the samples 4 to 7 are shown in Fig. 3 . 20) The excitation spectra of compositions 4 to 7 are shown in Fig. 4 wherein a broad . The emission spectra correspond to a single emission band at 520 nm which has an eminent observation of decrease in intensity even with increase in Eu ion concentration. The PL spectra of Eu doped orthosilicates do show decrease in emission intensity after luminescence quenching. Here, the quenching is observed with the decrease in the alkaline earth metal ion even for higher Eu ion concentrations which shows the periodic relation between the Eu 2+ emission and the alkaline earth metal ions. A respectively. A blue shift in the emission band is also observed as compared to the CaSr compositions. The Fig. 1 . The powder X ray diffraction patterns for samples (1), (2) and (3) of Eu doped (CaSr)SiO 4 . Fig. 2 . The room temperature Photoluminescence excitation and emission spectra for samples (1), (2) and (3) of Eu doped (CaSr)SiO 4 . Fig. 3 . The powder X ray diffraction patterns of samples (4), (5), (6) and (7) of Eu doped (BaSr)SiO 4 and * mark the BaCl 2 phase.
Journal of the Ceramic Society of Japan 122 [9] Fig. 5 ) shows suggested orthorhombic structure of the crystallite. The nanophosphors are superior to phosphors with larger particle sizes of comparable quantum efficiency due to lower scattering loss and thus show better color purity compared to their bulk counterparts. 21) Ternary CaBaSr composition®Liquid Phase Precursor Method was adapted to produce ternary CaBaSr compositions of orthosilicate phosphors as well. The Powder X Ray Diffraction Pattern for composition 8 is demonstrated in Fig. 6 and matched well with the JCPDS 722260. Still further object of interest were the photoluminescence properties of the ternary compositions as shown in Fig. 7 . The excitation spectra showed a broad spectral feature from 300500 nm with same response as CaSr and Ba Sr compositions. The emission spectra for the compositions 810 showed green emission under 375 nm excitation, with the result that the increase in Ba concentration and decrease in Ca keeping Eu concentration same resulted in increase in PL intensity. The emission in CaSr composition (samples 13) is observed as broad greenred emission whereas emission in BaSr (samples 47) compositions is pure green. Green luminescence is observed for the ternary compositions also, only for sample 9 a shoulder was observed at 670 nm corresponding to red emission.
Conclusions
The UV-visible emission and excitation spectra of Eu 2+ are studied in Eu 2+ doped (CaSrBa)SiO 4 . For binary CaSr compositions with the decrease in Sr content the emission intensity was found to decrease. The emissions are ascribed to the 4f 6 5d ¼ 4f 7 transition of Eu 2+ ion. The results emancipate for the preparation of phosphors for white LEDs. Fig. 7 . The room temperature Photoluminescence excitation and emission spectra for samples (8) , (9) and (10) of Eu doped (BaSr)SiO 4 . Fig. 4 . The room temperature Photoluminescence excitation and emission spectra for samples (4) , (5), (6) and (7) of Eu doped (BaSr)SiO 4 .
